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© Current-source arrangement. 

© N configurations of N + 1 transistor configurations 
(2.1 to 2.N + 1) comprising control transistors (T1 to 
T N + 1) and control inputs (3.1 to 3.N + 1) are con- 
nected to N outputs (1, 2, ... N) by means of a 
switching network (7) in accordance with a cyclic 
pattern N, the remaining configuration being con- 
nected to a correction circuit (5) comprising a 
reference-current-source (6) for adjusting the control 
voltage of the control transistor via the control input 
of the relevant configuration, in such a way that the 
*T output current of the relevant configuration becomes 
^ equal to that of the reference-current-source (6). 
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Current-source arrangement 



The invention relates to a current-source ar- 
rangement comprising: 

- a plurality of transistor configurations for generat- 
ing a plurality of substantially equal currents, and 

- correction means for reducing the mutual de- 
viation in the currents from the transistor configura- 
tions. 

The invention also relates to a digital-to-analog 
converter comprising such an arrangement. 

Such an arrangement is known from United 
States Patent Specification 4,573,005. In this ar- 
rangement the correction means comprise a 
precision-current-mirror circuit in which the current 
from one transistor configuration is applied to the 
input as a reference-current and the current from 
another transistor configuration is applied to the at 
least one output in accordance with a cyclic pat- 
tern. The difference between the reference-current 
and the current from the other transistor configura- 
tion then appears on this output, said difference 
being used to correct the last mentioned current in 
such a way that it is better in campliance with the 
reference-current 

A disadvantage of this arrangement is that the 
precision-current-mirror circuit must be arranged in 
series with the transistor configuration and its load, 
so that the known current-source arrangement re- 
quires a comparatively high supply voltage. 

Therefore it is an object of the invention to 
provide a current-source arrangement with correc- 
tion means, which is constructed to operate on 
comparatively low supply voltages. 

In accordance with the invention a current- 
source arrangement of the type defined in the 
opening paragraph is characterized in that: 

- the number of transistor configurations is at least 
one larger than the required number of currents 

- each transistor configuration comprises a control 
transistor whose control voltage is adjustable to 
supply an adjustable first current 

and 

- the correction means are adapted to make the 
current from each transistor configuration equal to 
a reference-current in accordance with a cyclic 
pattern by adjusting the control voltage of the con- 
trol transistor of the relevant transistor configura- 
tion. 

Since in the arrangement in accordance with 
the invention the number of transistor configura- 
tions is no larger than actually required this means 
that in every cycle period it is possible to use one 
transistor configuration of the current-source ar- 
rangement for the purpose of correction and to 
switch the transistor configuration corrected in the 
preceding cycle period back into the current- 



source arrangement. Since during correction a tran- 
sistor configuration is no longer connected in series 
with the load of the current-source arrangement the 
arrangement can be operated with comparatively 

5 low supply voltages. 

Another advantage of the current-source ar- 
rangement in accordance with the invention is that 
the operation of the actual current-source arrange- 
ment is not disturbed by the correction means. 

10 Embodiments of a current-source arrangement 

according to the invention are defined in the ap- 
pended subsidiary claims. 

The invention will now be described in more 
detail, by way of example with reference to the 

75 accompanying drawings in which: 

Fig. 1 shows the basic circuit diagram of a 
current-source arrangement in accordance with the 
invention, 

Fig. 2 shows a first embodiment of a current- 
20 source arrangement in accordance with the inven- 
tion, 

Fig. 3 shows a second embodiment of a 
current-source arrangement in accordance with the 
invention, 

25 Fig. 4 shows a third embodiment of a 

current-source arrangement in accordance with the 
invention, 

Fig. 5 shows a fourth embodiment of a 
current-source arrangement in accordance with the 
30 invention, 

Fig. 6 shows a fifth embodiment of a current- 
source arrangement in accordance with the inven- 
tion, 

Fig. 7 shows a sixth embodiment of a 
35 current-source arrangement in accordance with the 
invention, 

Fig. 8 shows two examples of switches for 
use in a current-source arrangement in accordance 
with the invention, 

40 Fig. 9 shows a first embodiment of a digital- 

to-analog converter comprising current-source ar- 
rangements in accordance with the invention, and 

Fig. 10 shows a second embodiment of a 
digital-to-analog converter in accordance with the 

45 invention. 

Fig. 1 is a basic diagram of a current-source 
arrangement in accordance with the invention. The 
arrangement is constructed to supply N substan- 
tially equal currents to outputs 1 to N, to which 

so loads, which are not shown for the sake of simplic- 
ity, can be connected. The arrangement comprises 
N + 1 transistor configurations 2.1 to 2.N + 1, each 
comprising control transistors T1 to T.N + 1. The 
transistor configurations further comprise control 
inputs 3.1 to 3.N + 1 for adjusting the control volt- 
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age and hence the currents of the control transis- 
tors T.1 to T.N + 1. The arrangement further com- 
prises correction means 4 comprising a correction 
circuit 5 having a reference-current-source 6, for 
supplying the control signal to one of the control 
inputs 3.1 to 3.N + 1, and having a switching net- 
Work 7, for coupling each time one of the transistor 
configurations 2.1 to 2.N + 1 to the correction circuit 
5 and for coupling the other transistor configura- 
tions to the outputs 1 ... N in accordance with a 
cyclic pattern. 

In the present arrangement N transistor con- 
figurations supply the output currents to the out- 
puts 1 to N in every period of a cycle, the remain- 
ing transistor configuration being coupled to the 
correction circuit 4. In this circuit the current from 
the relevant transistor configuration is compared 
with the reference-current from the source 6 and, 
by means of a control signal applied to the control 
input 3 of the transistor configuration by the correc- 
tion circuit 5 the control voltage of the control 
transistor 2 is adjusted in such a way that the 
current from the transistor configuration is equal to 
the reference-current. In the next period of the 
cycle the corrected transistor configuration 2 is 
exchanged with an "uncorrected" transistor con- 
figuration 2 by means of the switching network 7. 
Thus, the current from all the transistor configura- 
tions 2.1 to 2.N + 1 are corrected successively and 
continually. As a result of this, the currents avail- 
able at the outputs 1 to N are highly equal to the 
reference-current. Since a transistor configuration 
to be corrected is switched out of the actual 
current-source arrangement the correction circuit 5 
will not disturb the correct operation of the current- 
source arrangement. Since the correction circuit 
does not require a higher supply voltage than dur- 
ing normal operation of the arrangement the 
current-source arrangement is suitable for opera- 
tion with low supply voltages. 

Fig. 2 shows a first embodiment of a current- 
source arrangement in accordance with the inven- 
tion. The arrangement comprises four transistor 
configurations comprising control transistors T1 to 
T4 with capaciters C1 to C4 arranged between their 
gate and source electrodes. By means of switches 
S1.1 to S4.1, S1.2 to S4.2 and S1 .3 to S3.3 each 
time three of the four transistors T1 to T4 can be 
coupled to the outputs 1, 2 and 3, the remaining 
transistor being coupled to the inputs 10 and 11 of 
the correction circuit 5. These switches are con- 
trolled in accordance with a cyclic pattern, in the 
present example by means of a shift register 14 
which is controlled by a clock 15. 

The Figure illustrates the situation in which the 
currents 11, 13 and 14 from the transistors T1, T3 
and T4 are applied to the outputs 1 , 2 and 3, while 
the current 12 from the transistor T2 is applied to 



the input 1 1 of the correction circuit 5. The switch- 
es S1.1, S3.1 and S4.1 are open and the switch 
S2.1 is closed, so that the gate electrode of the 
transistor T2 is coupled to the input 10. In the 

5 present example the correction circuit comprises a 
reference-current-source 6, which supplies a cur- 
rent Iref to the interconnected inputs 10 and 11. 

As a result of this direct connection between 
the inputs 10 and 11 the drain electrode of the 

w transistor T2 is connected to its gate electrode. 
The current-source 6 now controls the voltage on 
the capaciter C2 in such a way that the current 12 
becomes accurately equal to the reference-current 
Iref. In the next clock period the transistor T2 is 

75 connected to the output 2 by means of the switch- 
es S2.2 and S2.3, and at the same the switch S2.1 
is opened. The voltage on the capaciter C2 there- 
fore remains available, so that the transistor T2 
continues to supply a current 12 which is accurately 

20 equal the current Iref. In the same clock period one 
of the other three transistors, for example the tran- 
sistor T3, is connected to the inputs 10 and 11 of 
the correction circuit and the control voltage on the 
capaciter C3 is adjusted in such a way that the 

25 current 13 becomes accurately equal to the current 
Iref. Thus, the currents 11 to 14 of the transistors T1 
to T4 are successively and continually made equal 
to the current Iref. This results in accurately equal 
currents being available on the outputs 1, 2 and 3. 

30 Fig. 3 shows a second embodiment of a 

current-source arrangement in accordance with the 
invention, in which for simplicity only the correction 
circuit and the transistor to be corrected are shown. 
The correction circuit comprises a current-source 

35 6, which supplies a reference-current Iref, which is 
converted into a reference voltage Vref across a 
resistor R1 . The input 1 1 is connected to the posi- 
tive power-supply terminal via a resistor R2. The 
resistors R1 and R2 are connected to the inverting 

40 input and the non-inverting input of an amplifier 16, 
whose output is connected to the input 10. Again 
the gate and the drain electrode of the transistor T2 
are connected to the inputs 10 and 11. The current 
12 from the transistor T2 is converted into a propor- 

45 tional voltage across the resistor R2. The amplifier 
16 now controls the voltage across the capaciter 
C2 in such a way that the voltage across the 
resistor R2 is equal to the reference voltage Vref 
across the resistor R1. When R1 and R2 have 

50 equal resistance values the current 12 will be ac- 
curately equal to the current Iref. By selecting a 
specific ratio for the resistance values of the resis- 
tors R1 and R2 it is possible to define the ratio 
between the currents Iref. and 12. 

55 Fig. 4 shows a third embodiment of a current- 

source arrangement in accordance with the inven- 
tion, in which identical parts bear the same refer- 
ence numerals as in Fig. 2. The transistor configu- 
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rations now comprise control transistors T1 to T4 
and capaciters C2 to C4, with which current-sour- 
ces B2 to B4 are arranged in parallel. The current 
supplied by a transistor configuration is equal to 
the sum of the currents from a control transistor 
and a current-source. The currents from the current 
sources B1 to B4 are therefore smaller than the 
reference current from the current source 6. By 
means of switches 81.1 to S4.1, S1.2 to S4.2, S1.4 
to S4.4. and S1.3 to S3.3 each time three of the 
four currents of the transistor configurations Tt, B1 
to T4, B4 can be applied to the outputs 1 , 2 and 3, 
while the currents from the control transistor and 
the current-source of the remaining transistor con- 
figuration are applied to inputs 11 and 12 of the 
correction circuit 5. 

The Figure illustrates the situation in which the 
currents from the transistor configurations T1. B1, 
T3. B3 and T4, B4 are applied to the outputs 1, 3 
and 2 and the transistor configuration T1, B2 is 
connected to the correction circuit 5. The switches 
S1.1. S3.1 and S4.1 are then open and the switch 
S2.1 is connected to the input 10 of the correction 
circuit 5. The correction circuit 5 again comprises a 
current-source 6 for supplying a reference-current 
Iref, which current source has its output connected 
to the inputs 10, 11 and 13. 

The difference AI2 between the currents Iref 
and 12 is applied to the drain electrode of the 
transistor T2. The current-source 6 now controls 
the voltage on the capaciter C2 in such a way that 
the sum of the currents 12 and AI2 is equal to the 
current Iref. For the remainder the arrangement 
operates in the same way as that shown in Fig. 2. 
Since the correction circuit only corrects a small 
difference current via the voltage on the capaciter 
C2 the susceptibility" of the output current to small 
variations in the gate-source voltage of transistor 
T2 is reduced substantially. 

Fig. 5 shows a fourth embodiment, in which for 
simplicity only the correction circuit in the transistor 
to be corrected are shown. Identical parts bear the 
same reference numerals as in Fig. 4. Again the 
correction circuit comprises a current-source 6, 
which carries a reference-current Iref. The current 
12 from the current-source B2 is derived from this 
current at the input 13. The difference between the 
currents Iref and 12 is applied to a transistor T5, 
whose drain electrode is connected to the gate 
electrode. The gate electrode is coupled to the 
input 10. The input 11 is coupled to a point carry- 
ing a direct voltage Vc. Again the gate and the 
drain electrode of the transistor T2 are connected 
to the inputs 10 and 11. The transistor T5 in 
conjunction with the transistor T2 constitutes a 
current-mirror circuit, to which the current AI2 is 
applied. This current controls the voltage on the 
capaciter G2 in such a way that the current 15 of 



the transistor T2 is accurately to the current AI2. 
Since the same control voltage appears between 
the gate and the source electrode of the transistor 
T2 the current 12 of the transistor T2 will also be 
5 accurately equal to AI2. For the remainder the 
arrangement operates in the same was as that in 
Fig. 4. 

Fig. 6 shows a fifth embodiment in which only 
the correction circuit and the transistor to be cor- 

10 rected are shown. Identical parts bear the same 
reference numerals as in Fig. 3. The arrangement 
operates in the same way as that shown in Fig. 3, 
the difference being that now the sum of the cur- 
rent AI2 from the transistor T2 and current 12 from 

75 the current-source B2 is applied to the resistor R2. 

Fig. 7 shows a sixth embodiment, and again 
shows only the correction circuit and the transistor 
to be corrected. Identical parts bear the same 
reference numerals as in Fig. 2. Again the correc- 

20 tion circuit comprises a current-source 6, which 
now supplies a current Iref + lb and a transistor 
T6, whose source electrode is coupled to the 
current-source 6, whose gate electrode is at a 
voltage Vref, and whose drain electrode connected 

25 to the negative power-supply terminal via a bias- 
current-source 20 which carries a current lb. Again 
the gate and the drain electrode of the transistor T2 
are connected to the inputs 10 and 11 of the 
correction circuit. The difference current Iref be- 

30 tween the currents from the current-sources 6 and 
20 again controls the voltage on the capaciter C2 in 
such a way, via the transistor T6, that the current 12 
from the transistor T2 becomes accurately equal to 
the current Iref. The reference voltage Vref is se- 

35 lected in such a way that the voltage on the drain 
electrode of the transistor T2 is equal to the drain 
voltage of the transistor T2 when this transistor is 
switched into the actual current-source arrange- 
ment or D/A converter. This is to ensure that as a 

40 result of another drain-source voltage the transistor 
T2 in the actual arrangement cannot carry another 
current than in the correction circuit. 

It will be evident that this correction circuit may 
also be employed in the embodiment shown in Fig. 

45 4, in which case the current-source B2 should 
again be connected to the input 13 of the correc- 
tion circuit, as is shown in broken lines in Fig. 7. 
The difference current AI2 = Iref - 12 then controls 
the voltage across the capaciter C2 via the transis- 

so tor T6 in such a way that the current through the 
transistor T2 becomes accurately equal to the cur- 
rent A12. 

In the embodiments shown the switches suit- 
ably comprise transistors. By way of illustration Fig. 
55 8a shows a transistor T2 with a capaciter C2 and a 
switch S2.1 comprising a transistor T7. Fig. 8b 
shows a modification to this, a transistor T8 being 
arranged in series with the transistor T7 and having 
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its drain connected to the source electrode. A 
signal which is the inverse of the signal applied to 
the gate of the transistor T7 is applied to the gate 
of the transistor T8. Transistor T8 thereby prevents 
the charge present in the transistor T7 from being 
drained to the capaciter C2 during turning off. 

The capaciters C1 to C4 in the embodiment 
shown herein may be separate capaciters but may 
also be constituted in a suitable manner by the 
gate source capacitances of the transistors. 

Fig. 9 shows a first embodiment of a DA con- 
verter comprising current-source arrangements in 
accordance with the invention. The present exam- 
ple is a 16-bit DA converter. It comprises a current- 
source arrangement 50, shown diagrammatically, 
comprising 18 transistor configurations, whose cur- 
rents are made substantially equal to the reference- 
current Iref from' a current-source 52 by means of a 
correction circuit 51 in a manner as described 
above. One current Iref of the seventeen output 
currents is employed as the reference-current for 
the correction circuit 61 of a second current-source 
arrangement 60 comprising seventeen transistor 
configurations, whose currents are made equal to 
the currents Iref in a manner as described above. 
One of the currents Iref in the arrangement 60 is 
applied to a binary current divider which in the 
present example supplies the currents for the eight 
least significant bits. The other currents currents of 
the arrangement are combined so as to obtain a 
binary-weighted series of currents Iref, 2iref ... 
8lref. The sixteen other currents in the current- 
source arrangement 50 are combined to obtain a 
current 16lref, which is applied as a reference- 
current to the correction circuit 71 of a third 
current-source arrangement 70 comprising sixteen 
transistor configurations, whose currents are made 
equal to the current 16lref in a manner as de- 
scribed above. The fifteen currents in the current- 
source arrangement 70 are combined so as to 
obtain the binary-weighted series 16lref, 32lref ... 
128lref. The output currents of the current-source 
arrangements 60 and 70 and the current divider 63 
are used in known manner to convert a digital input 
code into an analog output signal. 

Fig. 10 shows a second embodiment of a 16- 
bit D/A converter comprising a current-source ar- 
rangement in accordance with the invention. It 
comprises a current-source 90, shown diagram- 
matically, for generating 64 substantially equal cur- 
rents which are succesively and continually made 
equal to a reference-current by means of a correc- 
tion circuit 95 in a manner as described above. By 
means of a switching network 100, comprising 63 
two-way switches, which are not shown for simplic- 
ity, 63 currents are applied either to the summing 
point 125 or to a positive power-supply terminal 
depending on the 6 most significant bits of the 



digital input code. One of the 64 currents is applied 
to the current-dividing circuit 115, which is shown 
diagrammatically. The current-dividing circuit 115 
supplies the currents for the 10 least significant 

5 bits, which currents by means of a switching net- 
work 120 comprising two-way switches, which are 
not shown for simplicity, are applied either to the 
summing point 125 or to the positive power-supply 
terminal depending on the digital input code. The 

w total output current lout appearing on the summing 
point 125 can be converted into an output voltage 
Vout by means of a current-voltage converter 130, 
shown diagrammatically. 

In the present embodiment the 16-bit digital 

15 input word is applied serially to an input 111 of a 
data register 110. The 10 least significant bits 
directly control the switches of the switching net- 
work 120. The 6 most significant bits are first 
applied to a decoding device 105, which derives 

20 the switching signals for the 63 switches of the 
switching network 100 from these bits. 

In the D/A converters comprising current- 
source arrangements in accordance with the inven- 
tion the frequency with which the correction net- 

25 work is connected to the successive transistor con- 
figurations is preferably selected in such a way that 
the frequency with which the digital input code is 
applied is equal to a multiple (N £ 1) of said 
switching frequency. This results in switching tran- 

30 sients, which may be caused by the correction and 
switching network, being smoothed by the cus- 
tomary deglitching network arranged at the output 
of a D/A converter in order to smooth switching 
transients produced by the actual D/A converter. 

35 The invention is not limited to the embodiment 

disclosed herein. For example the correction circuit 
may also be constructed in manners other than 
shown herein. 

40 

Claims 

1 . A current-source arrangement comprising: 

- a plurality of transistor configurations for generat- 
45 ing a plurality of substantially equal currents, and 

- correction means for reducing the mutual de- 
viation in the currents from the transistor configura- 
tions, 

characterized in that 
so - the number of transistor configurations is at least 
one larger than the required number of currents, 

- each transistor configuration comprises a control 
transistor whose control voltage is adjustable sup- 
ply an adjustable first current, and 

55 - the correction means are adapted to make the 
current from each transistor configuration equal to 
a reference-current in accordance with a cyclic 
pattern by adjusting the control voltage of the con- 
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trol transistor of the relevant transistor configura- 
tion. 

2. A current-source arrangement as claimed in 
Claim 1, 

characterized in that each transistor configuration is 
constituted by the control transistor having a 
capaciter arranged between its gate and its source 
electrode. 

3. A current-source arrangement as claimed in 
Claim 2, 

characterized in that the capaciter is constituted by 
the gate source capacitance of the relevant control 
transistor. 

4. A current-source arrangement as claimed in 
Claim 2 or 3, 

characterized in that the correction means com- 
prise means for applying the reference-current to 
the drain electrode of the control transistor and 
negative-feedback means between the drain and 
the gate electrode for controlling the voltage on the 
capaciter in such a way that the first current is 
equal to the reference-current. 

5. A current-source arrangement as claimed in 
Claim 2 or 3, 

characterized in that the correction means com- 
prise: 

- a first resistor for converting the reference-current 
in a reference voltage, 

- a second resistor for converting the first current 
into a second voltage, and 

- negative-feedback means connected to the first 
and the second resistor and the capaciter for ad- 
justing the voltage on the capaciter in such a way 
that the second voltage is equal to the reference 
voltage. 

6. A current-source arrangement as claimed in 
Claim 4, 

characterized in that the negative-feedback means 
comprise adjustment means for adjusting the volt- 
age on the drain electrode of the control transistor. 

7. A current-source arrangement as claimed in 
Claim 6, 

characterized in that the adjustment means com- 
prise a current-follower transistor whose source 
electrode is coupled to the drain electrode of the 
control transistor, whose gate electrode is coupled 
to a reference voltage terminal, and whose drain 
electrode is coupled to a bias-current-source. 

8. A current-source arrangement as claimed in 
Claim 1, 

characterized in that each transistor configuration is 
constituted by the control transistor having a 
capaciter arranged between its gate and its source 
electrode, and a transistor current-source for sup- 
plying a second current, the current from the tran- 
sistor configuration being equal to the sum of the 
first and the second current. 

9. A current-source arrangement as claimed in 



Claim 8, 

characterized in that the capaciter is constituted by 
the gate-source capacitance of the relevant control 
transistor. 

5 10. A current-source arrangement as claimed 

in Claim 8 or 9, 

characterized in that the correction means com- 
prise means for applying the difference between 
the reference-current and the second current to the 

w drain electrode of the control transistor and 
negative-feedback means arranged between the 
drain and the gate electrode for adjusting the volt- 
age on the capaciter in such a way that the sum of 
the first and the second current is equal to the 

75 reference-current. 

11. A current-source arrangement as claimed 
in Claim 8 or 9, 

characterized in that the correction means com- 
prise means for supplying the difference between 

20 the reference-current and the second current to the 
drain electrode of a second transistor having its 
gate-source junction arranged in parallel with the 
gate source junction of the control transistor, and 
negative-feedback means arranged between the 

25 drain and the gate electrode of the second transis- 
tor to control the voltage on the capaciter in such a 
way that the sum of the current from the second 
transistor and the second current is equal to the 
reference-current. 

30 12. A current-source arrangement as claimed 

in Claim 8 or 9, 

characterized in that the correction means com- 
prise: 

- a first resistor for converting the reference-current 
35 into a reference voltage, 

- a second resistor for converting the sum of the 
first and the second current into a second voltage, 
and 

- negative-feedback means connected to the first 
40 and the second resistor and the capaciter for ad- 
justing the voltage on the capaciter in such a way 
that the second voltage is equal to the reference 
voltage. 

13. A current-source arrangement as claimed 
45 in Claim 1 1 , 

characterized in that the negative-feedback means 
comprise adjustment means for adjusting the volt- 
age on the drain electrode of the control transistor. 

14. A current-source arrangement as claimed 
50 in Claim 13, 

characterized in that the adjustment means com- 
prise a current follower transistor, having its source 
electrode coupled to the drain electrode of the 
control transistor, having its gate electrode coupled 
55 to a reference voltage terminal, and having its drain 
electrode coupled to a bias-current-source. 

15. A digita!-to-anaiog converter, characterized 
in that it comprises at least one current-source 
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arrangement as claimed in any one of the preced- 
ing Claims. 
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